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Abstract 
A report on small regular bipartite graphs is given. Some historical facts are mentioned as 
well as equivalent combinatorial structures are discussed. In the second part a new combinatorial 
structure, the (v,k, even/odd)-designs are introduced. Some first results on (v,k, even)-designs 
for even k are obtained. Especially, all (v, 4, even)-designs are determined. For greater k certain 
interesting examples are given. 
1. Introduction 
There are several reasons why a paper like this should be written. At first, the equiv- 
alence of  several combinatorial structures is shown, a fact which is very easy to see. 
However, it seems to be more difficult to apply this fact. Regular bipartite graphs are 
objects in the theory of  graphs which is by now a big theory. Tactical configurations 
have been discussed (certainly not very much) in the theory of  designs and config- 
urations. 0-1-matrices are sometimes discussed in matrix theory or linear algebra. In 
Section 2 these concepts and their relations are explained and certain subclasses of  
these structures are discussed. 
A second reason for writing this paper is to briefly present some historical sources 
which seem to be unknown more or less (see Section 3). This paper shows that there 
have been mathematicians (Martinetti, Sainte-LaguE) who found first results in com- 
binatorial theories at a time when these had not even been established as theories of  
their own. In the case of  Baraev and Faradzhev whose results were obtained about 15 
years ago the problem seems to be that their paper is written in Russian language. A 
table collecting the results on small regular bipartite graphs is given at the end of this 
section. 
Two further reasons are applications of the structures mentioned above. The results 
of  this paper will be used in a forthcoming paper on expander graphs where certain 
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regular bipartite graphs are quite good expanders, i.e. graphs which can be used to 
build reliable telephone networks, for example. 
The second application which is dealt with in Section 4 is the introduction of new 
combinatorial structures, the so-called (v,k, even)- and (v,k, odd)-designs. The inves- 
tigation of these designs can be partitioned into four parts. One of them ((v,k, even) 
with even k) is closely related to regular bipartite graphs. The graphs can be used to 
construct all tactical even/odd-designs. A lot of non-tactical designs are constructed by 
other means. Even/odd-designs are "symmetric 2-designs where 2 need not but its parity 
must be constant". In this sense they are quite natural generalizations of 2-designs. 
In Section 5 some special examples of (v,k, even)-designs are given explicitly. 
2. Some equivalent combinatorial structures 
2.1. An easy observation 
Consider the following square matrix with entries 0 and 1. 
111000 
111000 
110100 
001011 
000111 
000111 
Each row and each column contains a constant number (in this case 3) of entries 
1. So this matrix is a square 0-1-matrix with constant row and column sum. It seems 
that in matrix theory (or linear algebra) such matrices have not been investigated very 
much. 
However, in combinatorial theory these matrices can be and are interpreted as inci- 
dence matrices of combinatorial structures in two ways. This immediately shows the 
equivalence of these two structures. 
In terms of finite geometry the rows are represented by lines and the columns by 
points (or vice versa, if you like). An entry 1 describes the fact that the corresponding 
point lies on the corresponding line or is incident with the line. An entry 0 means 
non-incidence. 
On the other hand, the matrix can describe a graph whose vertex set is partitioned 
into two sets (one of the sets is described by the rows of the matrix, the other one by 
the columns) where there is an edge between two vertices belonging to different sets 
if and only if there is an entry I at the corresponding place in the matrix. There are 
no edges within the two vertex sets by definition. 
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2.2. The formal definitions 
Here are the formal definitions of a tactical configuration and a regular bipartite 
graph. 
Definition 2.1. A symmetric tactical configuration TC(v,k) is a finite incidence 
structure with v points and v lines such that 
(i) there are exactly k points on each line and 
(ii) there are exactly k lines through each point. 
How to define (possibly) non-symmetric tactical configurations i obvious and will 
not be done here. Since in this paper only symmetric structures are used, the word 
"symmetric" will be omitted. 
Definition 2.2. A k-regular bipartite graph with 2v vertices is a graph whose set of 
vertices is partitioned into two bipartition sets of size v each such that there are no 
edges within these two sets and each vertex has degree k. 
Although the equivalence of these two combinatorial structures is obvious it has not 
been used very much in the past. It is especially astonishing that not all results obtained 
for one of these structures were translated into the language of the other one. Perhaps 
the most striking example is the search for the (7,6)-cage in graph theory. For further 
details see [7]. 
There is but one small problem concerning the equivalence of matrices, tactical 
configurations, and bipartite graphs. In the case of graphs the two sets of vertices cannot 
be distinguished. To interchange these sets means to interchange points and lines (or 
rows and columns). Thus the number of non-isomorphic graphs with certain parameters 
is equal to the number of matrices (or tactical configurations) up to isomorphism and 
duality. 
2.3. What about the inner product? 
Perhaps it was a bad development in combinatorial theory that the incidence matrices 
of finite geometrical structures and the adjacency matrices of graphs were not so much 
used in the early beginnings. If the structure is described by a matrix a quite natural 
condition is to ask for the value of the inner product of two rows or columns. 
In terms of graphs the inner product is related to the girth. If the inner product 
of two rows is greater than 1 the corresponding graph has a cycle of length 4 and 
therefore girth 4. Otherwise the girth is at least 6. 
2.4. Tactical configurations and related structures 
Tactical configurations occur as special structures if certain values of the inner prod- 
uct are required. This value is typically called 2 in design theory. However, most of 
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the following structures were discussed independently of the term "tactical configura- 
tion" which wrongly suggests that (as usual in mathematical terminology) these are 
configurations with additional properties. However, the opposite is true. The name has 
been used while not knowing about the old combinatorial structure of a configuration. 
For more details on the history of configurations see [4]. 
The following short survey lists some important combinatorial structures which are 
all tactical configurations with certain additional properties. While there are no restric- 
tions on the number of lines through two given points for a tactical configuration the 
parameter 2 describes this number as follows. 
2 - 0 (mod 2) : (v,k, even)-design (see Section 4), 
2 - 1 (mod 2) : (v, k, odd)-design (see Section 4), 
2 ~<2 : 2-configurations (vk)2 [8], 
2 = 0 or 2 : semibiplanes (v,k) (for further eferences see [8]), 
241:  configurations vk [6], 
2 = const : symmetric 2-(v,k,2)-designs (for terminology and further eferences see 
e.g. [2]). 
This short list shows that the odd/even-designs which are introduced in Section 4 
are special examples of tactical configurations. 
3. History and the current state of knowledge 
3.1. Martinetti and "configurazioni spaziale" 
The term "tactical configuration" was defined in 1896 by Moore [13]. However, he 
did not investigate these structures in general. The Italian mathematician Martinetti who 
already contributed to the research of usual configurations ( ee e.g. [4]) was the first 
who obtained results on tactical configurations. In his paper of 1897 [11] he introduces 
his subject as follows. 
L'oggetto di questa Nota 6 la ricerca di tutte le Cf. (84,84) di punti e piani, cio6 di 
quelle figure di otto punti, 1, 2, 3 ..... 8, e di otto piani, 1, 2, 3 . . . . .  8, nelle quali ogni 
punto appartiene a quattro, e quattro soli, di quei piani e correlativamente. Poniamo 
soltanto la condizione che gli elementi della figura siano distinti e che due elementi 
non appartengano ai medesimi quattro elementi della natura duale, ci6 che esclude 
del resto casi di nessun interesse. 
The first structure which he constructs i the semibiplane with lines written vertically 
as it was usual at that time. 
11112235 
22343446 
35565677 
46778888 
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bicubiques, c'est-~-dire dont les sommets peuvent &re r6partis en deux cat6gories, 
deux sommets d'une m6me cat6gorie n'6tant jamais joints par un chemin. 
In Section 41 on Hamiltonian cubic bipartite graphs (r6seaux bicubiques cercl6s) 
Sainte-LaguE continues. 
Les r6seaux bicubiques ayant au plus 16 sommets, sont tous eerelks (citing [14]). 
Pour les noter, on peut d6signer par Ao, Bo,A1,BbA2 .... les sommets cons6cutifs 
d'un circuit. Une notation telle que 5201 signifiera qu'il faut joindre A0 /~ Bs, A1 
B2, A2 ~ B0, etc. 
Avec cette convention, le seul r6seau bicubique de 6 sommets peut s'ecrire: 120 ... 
I1 y a un seul r6seau de 8 sommets: 2031 ... Des deux r6seaux de 10 sommets : 
23401 et 24301 ... I1 y a 5 r6seaux ~ 12 sommets: 123450 ... I1 y a 12 r6seanx 
14 sommets: 3456012 ... Enfin voici les 37 r6seaux de 16 sommets 12345670 ... 
23456710. 
Since the list is not correct it does not seem reasonable to copy it here completely. 
The above citation should mainly introduce the very useful notation. 
At the end of the report on Sainte-LaguE and his book I want to cite the table of 
contents of [15] in order to show to the reader that it deals with a lot of different 
topics. I hope to write a longer report in the future. 
Table des mati~res. 
I. Introduction et d6finition. 
II. Arbres 
III. Chaines et circuits. 
IV. R6seaux r6guliers. 
V. R6seaux cubiques. 
VI. Tableaux. 
VII. R6seaux cercl6s. 
VIII. ]~chiquier. 
IX. Marche du cavalier. 
3.3. Baraev, Faradzhev and bipartite graphs 
There is a paper in Russian language published by Baraev and Faradzhev [1] in 1978 
which contains a lot of results on regular bipartite graphs. At first there is a list of all 
3-regular graphs on 14 and 16 vertices (Appendix 6). In Appendix 7 some properties 
of these graphs are given like Hamiltonicity, planarity, connectivity, chromatic lass, 
order of the automorphism group, and the orbits under this group. For cubic graphs 
on 18, 20, and 22 vertices as well as for 4-regular graphs on 16 and 18 vertices only 
the distribution of orders of automorphism groups is given (Appendix 8). For cubic 
graphs on 18, 20, and 22 vertices there are further statistical data on other properties 
mentioned above (Appendix 9). Finally Appendix 10 gives all graphs of Appendix 8 
with a transitive group of automorphisms. 
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The bigger part of [1] deals with regular (not necessarily bipartite) graphs and gives 
similar information for these graphs as described above. So it is possible to find the 
number of 4-regular bipartite graphs with 10, 12, and 14 vertices in this part. 
3.4. The known numbers 
v B2 
4 1 
6 1 
8 2 
10 2 
12 4 
14 4 
16 7 
18 8 
20 12 
22 14 
24 21 
26 24 
Comment B3 Comment B4 Comment 
P 
p 1 SL,Br 
p 1 SL,Br 1 
p 2 SL,Br 1 BF 
p 5 SL,Br 4 BF 
p 13 BF,Br,(*) 14 BF 
p 38 BF,Br,(*) 129 BF 
p 149 BF,Br 1980 BF 
p 703 BF,Br 
p 4132 BF,Br 
p 29579 Br 
p 245627 Br 
2291589 Br 28 34 p 
Explanation of abbreviations 
Bk : Number of non-isomorphic connected k-regular bipartite graphs on v vertices (i.e. 
the number of connected tactical configurations (v, k) up to isomorphism and duality) 
p: partitions of v with even numbers greater or equal to 4, 
SL: contained in [14] and [15] (see Section 3.2), 
BF: contained in [1] (see Section 3.3), 
Br: Brinkmann (Bielefeld) computed these numbers in 1992 [3]. They totally agree 
with those computed by Baraev, Faradzhev for v ~<22 and give new values (as far as 
I know) for 24~<v~<28. 
(*) Sainte-Lagu~ only gives 12 of the 13 graphs with 14 vertices and 37 of the 38 
graphs with 16 vertices. 
4. (v, k, even)-designs 
4.1. (v, k, even/odd)-designs i  9eneral 
An application of regular bipartite graphs within combinatorics i described in this 
section. A lot of so-called (v, k, even)-designs can be constructed directly from these 
graphs. 
Such designs are especially useful for the construction of orbital matrices (see [9]) 
which are certain generalizations of symmetric 2-desigus. For this reason it seems to 
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be reasonable to extend the notion of a symmetric 2-design such that the parameter 2 
need not be constant but its parity must be constant. 
Considering the history of several combinatorial structures it might have been better 
to study the incidence matrix instead of the combinatorial structure itself. This is why 
I shall define even- and odd-designs as matrices. In this sense the incidence matrix of 
a symmetric 2-design is an even- or odd-design (according to usual terminology). 
Definition 4.1. A (v, k, even)-design ((v, k, odd)-design) is described by a square matrix 
of order v with entries 0 and 1 such that 
(i) each row and each column contains exactly k entries 1 and 
(ii) the inner product of two different rows and of two different columns is even 
(odd). 
Definition 4.2. A (v,k, even)-design is called connected if there is no non-trivial 
partition of the set of rows into two sets such that the inner product of all rows 
of one set with all rows of the other set is 0. A non-connected design is called the 
product of its connected components. 
The complement of an even- or odd-design is obtained by interchanging all entries. 
It is useful to introduce the following local and global parameters of a (v,k, even)- 
design. Define the complete graph Kv whose vertices are the rows of the design. The 
edges of the graph are coloured as follows. If  the inner product of two rows is 2i then 
the corresponding edge in the graph has colour 2i. Let A2i (0~<2i~<k) be the numbers 
of edges of colour 2i. Then for these global parameters the two equations hold: 
AO + A2 "~ A4 "~ A6 "q- "'" + A2i d- . . . .  tv (v  - 1), (1) 
2A2 + 4,44 + 6A6 +. . .  h- 2iAzi + . . . .  l vk (k  - 1). (2) 
Only considering those edges meeting a certain vertex the local parameters a2i satisfy 
ao + a2 -k- a4 + a6 + • . .  q- a2i + . . . .  V - 1, 
2a2 + 4a4 + 6a6 + .. • + 2ia2i d- . . . .  k (k  - 1). 
For a (v,k, odd)-design the corresponding equations hold. 
A1 "+-.43 -~-A5 WAy + ""  ~- A2i+I q- . . . .  1/)(V -- 1), 
A1 + 3A3 + 5A5 + ... + (2i + 1)A2i+l + . . . .  ½vk(k -  1). 
(3) 
(4) 
(5) 
(6) 
Only considering those edges meeting a certain vertex the local parameters a2i 
satisfy 
al + a3 + a5 + a7 q- • .. q- a2i+l -[- ' '  ". = v -- 1, 
al + 3a3 -b 5a5 + • .. + (2i + 1 )a2i+l + . . . .  k(k - 1). 
(7) 
(8) 
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The following non-existence r sults for (v, k, odd)-designs will be needed below since 
certain (v,k, even)-designs are their complements. 
Lemma 4.3. A (v, k,odd)-design exists only if v - k(k - 1 ) + 1 (mod 4). 
Proof. Eqs. (5) and (6) imply A3 + 2A5 + . . .  + iA2i+l q- . . . .  ¼v(k(k - 1) - (v - 
1)). Eqs. (7) and (8) imply a3 ÷ 2a5 + -.. + ia2i+l + . . . .  ½(k(k - 1) - (v - 1)). 
Since both right-hand sides are integer numbers it follows that v -  1 = k(k -  1) 
mod (4). [] 
Lemma 4.4. A (v, k, odd)-design exists only if v <~ vo where Vo is the number of  points 
of  a projective plane of  order k - 1, a (vo, k, 1)-design and if v >>. Vl where vl is 
the number of  points of  the (vl,k,k)-design for odd k and of  the (vl ,k,k - 1) for 
even k. 
Proof. In a projective plane all inner products are 1 which is the smallest odd 
number. I f  v were greater, the mean value of 2 would be less than 1 which is a 
contradiction. A similar argument holds for the (k,k,k)- and (k + 1 ,k ,k -  1)-designs 
where the mean value would exceed the greatest possible odd value which is at 
most k. [] 
The previous lemmas imply that there is a main difference between the even and 
the odd case. In the odd case for given k there is a bounded range of possible val- 
ues of v. The design must be connected. The greatest value of v is the number of 
points of the projective plane of order k - 1, the smallest value is k for odd k 
and k + 1 for even k. Moreover there are restrictions on v depending on its value 
mod (4). 
In the even case the design can be non-connected. Here the main task is to find all 
the connected designs. These include symmetric 2-designs with even 2 and semibi- 
planes. 
In general, it turns out that the existence results mainly depend on the parity of k 
and "even/odd". So there are four subcases to consider: 
(1) (v, k, even)-designs for even k, 
(2) (v,k, even)-designs for odd k, 
(3) (v,k, odd)-designs for even k, 
(4) (v,k, odd)-designs for odd k. 
The subcase (1) will be investigated in this paper since it is closely related to regular 
bipartite graphs. 
The following definition agrees more or less with usual terminology. 
Definition 4.5. A (v,k, even/odd)-design is called simple if the inner product is never 
k, i.e. if there are no identical rows. I f  this property also holds for the dual (i.e. if 
there are no identical columns) the design is called strongly simple. 
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4.2. (v,k, even)-designs with k even and tactical confiourations 
An easy construction of a (v, k, even)-design with v and k even is as follows. Take 
a tactical configuration 1 1 (iv, ik)  and replace all entries 1 (0 resp.) by a 2 x 2 submaWix 
with all entries 1 (0 resp.). The obtained matrix is certainly a square matrix with row 
and column sum k and all inner products even. 
Definition 4.6. A (v, k, even)-design which can be obtained from a tactical configura- 
tion in the way described above is called tactical. Otherwise it is called non-tactical. 
4.3. (v,k, even)-designs with k = 2mod(4) 
At first the question arises for which values of v such a design exists. This question 
is completely answered by the following lemma. 
Lemma 4.7. For even k - 2mod(4) there is a (v,k, even)-design if and only i f  v is 
even and v >1 k. 
Proof. If v is odd, take the complement which is a (v, v - k, odd)-design. Due to 
Lemma 4.3 such a design exists if and only if v- (v -k ) (v -k -  1) -  1 = 0 mod (4). 
However, this is wrong for both v = 1 mod(4) and v _--3 mod(4). 
If v is even and v ~> k the existence is assured since there is a tactical configuration 
which can be used (compare Definition 4.6). [] 
4.3.1. Non-tactical (v, 6, even)-designs 
Since the tactical designs can be constructed irectly from tactical configurations 
the main interest is, of course, in non-tactical configurations. It is easy to see that all 
(v, 2, even)-designs must be tactical. So the first case to consider is k = 6. 
Lenuna 4.8. There are no non-tactical (v, 6, even)-designs for  6 <~ v <~ 10. 
Proof. The unique (6, 6, even)-design is obviously tactical. 
The complement of an (8, 6, even)-design is an (8,2, even)-design. This shows that 
it is tactical. 
The complement of a (10, 6, even)-design is a (10,4,even)-design. All these designs 
are tactical (see below). [] 
Lemma 4.9. There is a non-tactical (12,6,even)-desion and a non-tactical (14,6, 
even )-design. 
Proof. The proof is given by the two examples in Section 5.1. The construction was 
done without computer by using certain graph-theoretic echniques. [] 
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Remark 4.10. The construction of the (12, 6, even)-design can be generalized to a 
construction of a simple connected (2k, k, even)-design for all even k/>4. 
The given example of a (14, 6, even)-design is especially interesting since its dual is 
simple but not strongly simple and this means also that it is not self-dual. 
Corollary 4.11. There are non-tactical (v, 6, even)-desions for  all even v >t 12. 
Proof. Certainly there are three (16,6,2)-designs which are non-tactical. Moreover, 
there is also a (16, 6, even)-design which is not a biplane. It is simple and exhibited 
as Example 3 in Section 5. For values of v greater than 16 you can use products of 
these designs with v = 12, 14, 16 with a suitable number of (6,6,6)-designs. [] 
4.4. (v, k, even)-designs with k - 0 mod(4) 
If k -- 0mod(4) there is no non-existence r sult for odd values of v. A well known 
example is the biplane with parameters (7,4, 2). 
Lenuna 4.12. There are no (5, 4, even )-designs and no (9,4, even )-designs. 
Proof. The complement of a (5, 4, even)-design is a (5, 1, odd)-design which does not 
exist. 
Eqs. (3) and (4) for a (9, 4, even)-design are 
a0 + a2 + a4 = 8 and 2a2 W 4a4 = 12. 
Hence a2 : 6 - 2a4 and a0 = 2 + a4 which implies a0 1> 2. Hence there exist two 
rows with inner product 0. There is exactly one column left which has only entries 
0 (the "partial inner product with respect o column 9" is even). On the other hand, 
each column has exactly 4 entries 1. [] 
Lemma 4.13. There is a (v,4,even)-design i f  and only i f  v>~4 and v ¢ 5, 9. 
Proof. For even values of v there is a tactical (v, 4, even)-design. The (7, 4, 2)-design 
is a (7, 4, even)-design. The product of this (7,4,2)-design and a tactical (6,4,even)- 
design is a (13, 4, even)-design. The other odd values of v can be written as 7 + 4n or 
13 ÷ 4n and hence the designs can be constructed as products of a (7,4,even)- or a 
(13,4, even)- design and a suitable amount of (4,4,4)-designs. [] 
The previous lemma exactly determines the spectrum of v for which there exists a 
(v,4, even)-design. However, much more is known. 
Theorem 4.14. There are exactly two connected (v,4, even)-designs which are non- 
tactical, the two semibiplanes with v : 7 and v = 8. There are non-tactical (v, 4, even)- 
designs for  v = 7, v = 8, and for  all v >~ 11. 
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Proof. In a (v, 4, even)-design there are three possible values of a4. Certainly a4 ~<3. 
If a4 = 3 such a row determines a connected component (4, 4, 4) where all values a4 
are 4. a4 : 2 is impossible (the inner products of columns must be even). 
Starting with a row with a4 : 0 a small analysis hows that this leads to two possible 
connected components, the two semibiplanes with k = 4 shown below. Hence a4 : 0 
for the whole connected component. 
1111000 11110000 
1100110 11001100 
1010101 10101010 
1001011 10010110 
0110011 01101001 
0101101 01010101 
0011110 00110011 
00001111 
This implies that if there is a connected component containing a row with a4 : 1 
this equation holds for all rows in this component. Hence every row has a unique 
identical partner ow. Since a2 ~ 0 there is a unique way how to form the 2x2 block 
submatrices which show that the design is tactical. 
The second statement of the theorem is an easy consequence of the first one. 
So all (v, 4, even)-designs are known since all tactical configurations (v, 2) are 
known. [] 
4.4.1. Non-tactical (v, 8, even)-designs 
Lemma 4.15. The smallest non-tactical ( v, 8, even )-desion is a (12, 8, even )-desion. It 
is the complement of a (12,4, even)-desion (see Lemma 4.14). 
Proof. There are no (9, 8, even)- and (11,8, even)-designs since their complements do 
not exist (compare Lemma 4.4). The (8, 8, 8)- and the (10, 8,even)-design are tactical. 
The following non-tactical (12, 4, even)-design is the product of the (4, 4, 4)-design and 
the non-tactical (8, 4, even)-design. Its complement is the desired design. 
111100000000 
111100000000 
111100000000 
111100000000 
000011110000 
000011001100 
000010101010 
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000010010110 
000001101001 
O00001010101 
O00000110011 
O00000001111 
This completes the proof. [] 
Lemma 4.16. There are non-tactical (v, 8, even )-designs for 13 ~< v~< 16. 
Proof. A (13, 8,even)-design is shown as Example 4. A non-tactical (14, 6, even)- 
design the complement of which is a non-tactical (14, 8, even)-design is shown as Ex- 
ample 2. There are exactly 5 2-(15, 7,3)-designs. Their complements are (15, 8,even)- 
designs. A non-tactical (16, 8, even)-design is shown as Example 6. [] 
The above results imply the existence of (v, 8, even)-design for all v/> 8, v ¢ 9, 11 
and possibly for v ¢ 17, 19. It is well known that there is no symmetric 2-(29,8,2)- 
design. Thus it might be interesting to construct a (29, 8, even)-design. 
Corollary 4.17. There are at least 72 nonisomorphic (29, 8, even)-designs. 
Proof. Take the product of the (13, 8, even)-design mentioned above and two (8, 8, 8)- 
designs. Or take the product of this (13, 8, even)-design and the non-tactical (16,8, 
even)-design given above. Or take the product of one of the 5 (15,8,4)-designs and 
one of the at least 14 (14, 8, even)-designs (there are 13 tactical ones and at least one 
non-tactical). This yields at least 70 further (29, 8, even)-designs. One of them is shown 
in Section 5.2 as Example 5. [] 
4.5. Some special (v, k, even)-desions 
In this way it is easy to construct (v, k, even)-designs where certain 2-(v, k, 2)- 
designs do not exist. 
A 2-configuration (176)2 (see [8]) produces a tactical (34, 12, even)-design with A6 = 
A8 = Alo = 0 (see Example 7 in Section 5.3). It follows from [8] that there is no 
such design with additionally A0 = 0 or A2 = 0 or A4 = 0. Consider that there is no 
symmetric 2-(34, 12, 4)-design. 
A configuration 235 (see [6]) which is one of the three known configurations with 
deficiency 2 produces the tactical (46, 10, even)-design with A4 = A6 = A8 -~ 0 (see Ex- 
ample 8 in Section 5.3) and somehow replaces the non existing symmetric 2-(46, 10, 2)- 
design. A non-connected and non-tactical (46, 10,even)-design is obtained as product 
of a (16,10,6)-design (the complement of a biplane) and three (10, 10, 10)-design. 
Here A 2 = A4 = A8 ----- 0. 
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5. Examples 
5.1. Non-tactical (v, 6, even)-desions 
Example 1 
(12, 6, even) 
111111000000 
000000111111 
110000001111 
101000010111 
100100011011 
100010011101 
100001011110 
001111110000 
010111101000 
011011100100 
011101100010 
011110100001 
Example 2 
(14, 6, even) 
11111100000000 
11110011000000 
11000011110000 
10001010111000 
10001010001110 
11001100000110 
01100000101101 
01100000011011 
00101001100101 
00100110010011 
00011001010101 
00010110010101 
00010101101010 
00010101101010 
Example 3 
(16, 6, even) 
1111100010000000 
1111010001000000 
1111001000100000 
1111000100010000 
1000111100001000 
0100111100000100 
0010111100000010 
0001111100000001 
1000000011111000 
0100000011110100 
0010000011110010 
0001000011110001 
0000100010001111 
0000010001001111 
0000001000101111 
0000000100011111 
5.2. ( v, 8, even )-desions 
Example 4 
(13, 8, even) 
0000011111111 
0000011111111 
0000011111111 
0111100001111 
0111111110000 
1011100010111 
1011111101000 
1101100011011 
1101111100100 
1110100011101 
1110111100010 
1111000011110 
1111011100001 
Example 5 
(29, 8, even) 
00001100111111000000000000000 
00001100111111000000000000000 
11000011001111000000000000000 
11000011001111000000000000000 
11110000110011000000000000000 
11110000110011000000000000000 
11111100001100000000000000000 
11111100001100000000000000000 
00111111000011000000000000000 
00111111000011000000000000000 
11001111110000000000000000000 
11001111110000000000000000000 
00110011111100000000000000000 
1t. Gropp l Discrete Mathematics 155 (1996) 81-98 95 
Example 6 
(16, 8, even) 
1111111100000000 
0000000011111111 
1100000000111111 
1010000001011111 
1001000001101111 
1000100001110111 
1000010001111011 
1000001001111101 
1000000101111110 
0011111111000000 
0101111110100000 
0110111110010000 
0111011110001000 
0111101110000100 
0111110110000010 
0111111010000001 
00110011111100000000000000000 
00000000000000000000011111111 
000000000000000111100001111 
00000000000000000111111110000 
00000000000000011001100110011 
00000000000000011001111001100 
00000000000000011110000111100 
00000000000000011110011000011 
00000000000000101010101010101 
0000000000000101010110101010 
0 000000000000101101001011010 
000000000000101101010100101 
000000000000110011001100110 
000000000000110011010011001 
000000000000110100101101001 
000000000000110100110010110 
5.3. Some special (v, k, even)-designs 
Example 7 
(34,12,even) 
1100000011000000001100111100001100 
0011110000001100000000110000111100 
0011110000001100000000110000111100 
0011001111000000110000000011001100 
0011001111000000110000000011001100 
0000001100111100000011001100001100 
0000001100111100000011001100001100 
ll00000000110011110000000000111100 
1100000000110011110000000000111100 
0000110000000011001111000011001100 
0000110000000011001111000011001100 
1111000000110000000011000011000011 
1111000000110000000011000011000011 
1100111100000011000000001100000011 
1100111100000011000000001100000011 
0000110011110000001100000000110011 
0000110011110000001100000000110011 
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0000000011001111000000110011000011 
0000000011001111000000110011000011 
0011000000001100111100001100000011 
0011000000001100111100001100000011 
0000001100000000110011110000110011 
0000001100000000110011110000110011 
1100001100001100001100000011110000 
1100001100001100001100000011110000 
001t000011000011000011001100110000 
0011000011000011000011001100110000 
0000110000110000110000111111000000 
0000110000110000110000111111000000 
1100110011001100110011000000000000 
1100110011001100110011000000000000 
0011001100110011001100110000000000 
0011001100110011001100110000000000 
Example 8 
(46, 10, even) 
1100001111000000001100110000000000000000000000 
1100001111000000001100110000000000000000000000 
0011000011110000000011001100000000000000000000 
0011000011110000000011001100000000000000000000 
0000110000111100000000110011000000000000000000 
0000110000111100000000110011000000000000000000 
0000001100001111000000001100110000000000000000 
0000001100001111000000001100110000000000000000 
0000000011000011110000000011001100000000000000 
0000000011000011110000000011001100000000000000 
0000000000110000111100000000110011000000000000 
0000000000110000111100000000110011000000000000 
0000000000001100001111000000001100110000000000 
0000000000001100001111000000001100110000000000 
0000000000000011000011110000000011001100000000 
0000000000000011000011110000000011001100000000 
0000000000000000110000111100000000110011000000 
0000000000000000110000111100000000110011000000 
0000000000000000001100001111000000001100110000 
0000000000000000001100001111000000001100110000 
0000000000000000000011000011110000000011001100 
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0000000000000000000011000011110000000011001100 
0000000000000000000000110000111100000000110011 
0000000000000000000000110000111100000000110011 
1100000000000000000000001100001111000000001100 
0011000000000000000000000011000011110000000011 
0011000000000000000000000011000011110000000011 
1100110000000000000000000000110000111100000000 
1100110000000000000000000000110000111100000000 
0011001100000000000000000000001100001111000000 
0011001100000000000000000000001100001111000000 
0000110011000000000000000000000011000011110000 
0000110011000000000000000000000011000011110000 
0000001100110000000000000000000000110000111100 
0000001100110000000000000000000000110000111100 
0000000011001100000000000000000000001100001111 
0000000011001100000000000000000000001100001111 
1100000000110011000000000000000000000011000011 
1100000000110011000000000000000000000011000011 
1111000000001100110000000000000000000000110000 
1111000000001100110000000000000000000000110000 
0011110000000011001100000000000000000000001100 
0011110000000011001100000000000000000000001100 
0000111100000000110011000000000000000000000011 
0000111100000000110011000000000000000000000011 
Note added in ProoL In the meantime the author has decided to denote (v,k, even)- 
designs by even designs ED(v, k). All (v,k, odd)-designs can be described in terms 
of complements of even designs ED(v, k). In future papers this new notation will be 
used. 
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